Objectives: To describe and compare the consumption of dairy products in cohorts included in the European Prospective Investigation into Cancer and Nutrition (EPIC). Methods: Data from single 24-hour dietary recall interviews collected through a highly standardised computer-based program (EPIC-SOFT) in 27 redefined centres in 10 European countries between 1995 and 2000. From a total random sample of 36 900, 22 924 women and 13 031 men were selected after exclusion of subjects under 35 and over 74 years of age.
Dairy products constitute an important part of the diet in many Western countries. The food group includes a wide variety of food items all based on some kind of milk, in Western societies predominantly cows' milk. Commonly used dairy products in addition to milk are yoghurt, cheese, ice cream and butter.
Generally, dairy products are considered to be an important source of saturated fatty acids, the principal dietary source of conjugated linoleic acid and a major source of trans-fatty acids in populations with a low consumption of partially hydrogenated oils. Still, the fat content of items included in the dairy group varies tremendously, from almost 0% in skimmed milk to more than 80% in butter. The increasing supply of so-called light dairy products also gives rise to a large variation in the fat content within the different sub-groups of dairy products (e.g. full-fat cheeses vs. low-fat cheeses) and makes global statements on nutrient content difficult and inappropriate. Because of the large variation in fat, there is also a huge variation in the content of lipid soluble components. For instance, the level of vitamin A (retinol) may vary from 1 mg/100 g in skimmed milk to more than 600 mg/100 g in butter. Milk, cheese and yoghurt are essential contributors to the dietary intake of calcium and they are also significant contributors to the intakes of riboflavin (vitamin B 2 ) and vitamin B 12 .
Regarding associations relating the consumption of dairy products with chronic diseases, in Western societies consumption of dairy products has traditionally been linked to cardiovascular diseases (arteriosclerosis) 1 and osteoporosis 2, 3 owing to their saturated fatty acids and calcium content, respectively. While the association between saturated fat intake and risk of arteriosclerosis is well established 4, 5 , the association between calcium from dairy products, together with vitamin D, and osteoporosis is less clear 6 . Associations between consumption of dairy products and cancer have been examined very little. A report by the World Cancer Research Fund and the American Institute for Cancer Research, published in 1997 7 , states that no judgement can yet be made for associations between consumption of dairy products and risk of cancer, the exception being a possible positive association with kidney 8, 9 and prostate cancers 10 -12 . However, a number of components of dairy products have been hypothesised to be linked to carcinogenesis based on animal or experimental studies 13 . Among the suggested components are calcium 14 , phosphate 10 , vitamin D 10 , lactose 15 , saturated fatty acids 16 , butyric acid 17 , conjugated linoleic acid 18 , whey protein 19 and lactic acid bacteria 20 . Also, consumption of milk has been found to raise serum levels of insulin-like growth factor-I, which in turn may increase cancer risk 21 . The fact that dairy products contain both components that have been hypothesised to increase the risk of cancer and components that have been hypothesised to reduce the risk of cancer, makes this food group one of particular interest. For instance, saturated fats have been linked to increased risk of lung 22 and prostate cancers 16 , whereas conjugated linoleic acid has been linked to a reduced risk of breast cancer, at least in animal studies 23, 24 . In order to understand whether and how consumption of dairy products may be related to chronic diseases, particularly cancer, a more detailed approach to this heterogeneous food group may be necessary. In this paper we present data on the consumption of dairy products in 10 European countries participating in a large cohort study on diet and cancer, the European Prospective Investigation into Cancer and Nutrition (EPIC). This study uses a common methodology to collect dietary information on the individual level and provides an opportunity to evaluate dietary exposure across countries. The current data were collected by means of a highly standardised 24-hour dietary recall interview, a method suitable for estimation of group intake and for comparisons between different groups 25, 26 . The specific aim of this paper was to describe and compare the consumption of dairy products across the EPIC centres.
Materials and methods
The EPIC study EPIC is a multi-centre cohort study designed to investigate the relationships between diet, nutritional and metabolic characteristics, lifestyle factors and risk of cancer. It aims to increase the between-subject variance by including various populations and to decrease the level of random measurement errors by using a common methodology 27 . The study was conducted in Greece, Spain, Italy, France, Germany, the Netherlands, the UK, Denmark, Sweden and Norway. Currently, the study involves 519 978 participants aged 20 years and over, with most of the participants in the age range 35-74 years. In most countries, no attempt was made to recruit a country-representative study sample, but rather to concentrate on selected geographical areas or on selected population sub-groups (e.g. teachers and school workers in France, 'health-conscious' subjects in the UK). In total 27 centres were defined for the present analyses. Details about definition of the centres are given elsewhere in this supplement 28, 29 . All centres recruited both male and female participants, except the centres in France, Norway, Utrecht (The Netherlands) and Naples (Italy), which studied female participants only.
Dietary data were collected using different dietary history or food-frequency questionnaires developed and validated in each country 30 -33 . To calibrate dietary data collected by the different methods, a single 24-hour dietary recall interview was performed in a sub-sample of the participants. By applying the calibration data on the country-specific data, one can achieve adjustment for systematic over-or underestimation of dietary intake on a group level 34 .
The EPIC cohort and the study rationale are described more thoroughly elsewhere in this supplement 28, 29 .
Subjects
The present analyses are based on data from the calibration study collected between 1995 and 2000. The calibration sub-cohort constitutes a stratified random sample of each country's cohort in proportion to the expected number of cancer cases by age and sex, and consists of 36 900 subjects. For the present analyses, the study sample was restricted to participants aged 35-74 years, giving a total of 35 955 24-hour dietary recalls (13 031 men and 22 924 women).
24-Hour dietary recalls
The recalls were performed using the computer program EPIC-SOFT 34, 35 , which was developed by the International Agency for Research on Cancer to ensure standardisation of the interviews. In co-operation with each participating country, country-specific versions of the program were developed. Depending on the country, 1500 -2000 foods and 150-300 recipes were entered into the software. During the interview, each reported food item was automatically described and quantified according to common criteria. The amount consumed by the subject was quantified by means of photographs, standard units, household measures or exact amount (grams or millilitres), if the subject knew this. A single 24-hour dietary recall was completed per person. All interviews were performed in a face-to-face setting, except in Norway where the interviews were conducted by telephone 36 . More information on the 24-hour dietary recall procedures are given elsewhere 34, 35 .
Data on dairy consumption
This paper concentrates on the consumption of dairy products, while the consumption of other foods is described in other papers in this supplement 37 -43 . In EPIC-SOFT, dairy products are categorised into the following sub-groups: 'milk', 'milk beverages', 'yoghurt', 'fromage blanc and petits suisses' (fresh cheeses), 'cheeses', 'cream desserts and milk-based puddings', 'dairy creams', 'creamers and milk for coffee', 'butter' and 'ice cream'. In the context of this paper, only the main sub-groups ('milk', 'yoghurt', 'cheeses', 'cream desserts and milk-based puddings', 'butter' and 'ice cream') are described in detail.
An effort was made to look more closely into fermented products. All dairy items were re-classified into the new categories 'non-fermented', 'fermented during processing, but with little living bacteria in the ready-to-eat product' or 'fermented and with a significant amount of living bacteria in the ready-to-eat product'. It turned out, however, that such a classification was problematic, because of the unclear boundaries between the categories and because the content of bacteria in a given product changes constantly from the time of production until it is consumed. Also, as yoghurt and fermented milk products included in the EPIC-SOFT sub-group 'yoghurt' were by far the greatest constituent of consumed fermented products ('significant amounts of living bacteria in the ready-to-eat product'), we decided to retain the EPIC-SOFT classification, but change the name of the sub-group from 'yoghurt' to 'yoghurt and other fermented milk products'.
The calculated figures add up the total intake of each food, i.e. consumption of a food eaten both as an item and as an ingredient. The figures are given as grams per day. Furthermore, the sub-groups are presented in terms of their percentage contribution to total dairy intake.
Statistical analyses
All statistical analyses were stratified by gender. Crude and adjusted mean daily intakes were calculated for each centre. Adjusted means were calculated by means of an analysis of covariance approach, using a weighted regression model with weights at the individual level, as suggested by Kleinbaum et al.
44
. Based on the results from preparatory analyses, we decided to include the following variables in the multiple regression models: age (continuous), season (four categories) and day of the week (two categories: Monday -Friday and Saturday -Sunday). Regression models adjusting for total energy intake (continuous) were also performed. Statistical analyses were done by means of the SAS software package, version 6.12. Together with Greece, a low total dairy consumption was also found in the other Italian centres, whereas a high consumption was found in the Spanish centres, particularly among women, in Utrecht (The Netherlands, women only) and in the British cohort sampled from the general population.
Results
For women, the reported energy intake ranged from 1515 kcal day 21 In all centres and for both sexes, 'milk' constituted the most commonly consumed dairy sub-group, i.e. the largest amount consumed expressed as a proportion (%) of the total daily consumption of dairy products (g) (Tables 2a and 2b ). The second largest sub-group was 'yoghurt and other fermented milk products', and the third largest sub-group 'cheeses'. In the Spanish centres, 'milk' constituted 74 -83% of total daily dairy intake, while in the French centres it made up no more than 34 -39%. For the French participants, on the other hand, 'yoghurt and other fermented milk products' constituted a significant part of the total daily dairy intake (about one-quarter). 'Yoghurt and other fermented milk products' were also important contributors to the total consumption of dairy products in the Swedish centres of Malmö and Umeå (18 -32%). Generally, women appeared to obtain a higher proportion of their dairy consumption from 'yoghurt and other fermented milk products' than did men. 'Milk beverages' (e.g. milky drinks) constituted a minor proportion of dairy consumption, except in the British centres and to some extent in the German centre of Potsdam. The highest contribution was calculated for the British 'healthconscious' cohort, where 'milk beverages' constituted 13-16% of the daily intake of dairy products. 'Fromage blanc and petits suisses' constituted nearly 10% of the daily dairy intake in the French centres and about 6% in the German centres, while the contribution from this food group was low in the other centres. The contribution from 
Table 2a
Contribution of sub-groups to total dairy consumption* in the European Prospective Investigation into Cancer and Nutrition (EPIC) centres, expressed as percentage of total intake in g: women ðn ¼
924Þ
Percentage contribution
Country and centre 
Table 2b
Contribution of sub-groups to total dairy consumption* in the European Prospective Investigation into Cancer and Nutrition (EPIC) centres, expressed as percentage of total intake in g: men ðn ¼
031Þ
Country and centre 'cheeses' varied highly between the centres, ranging from 6% or less in the British and in some of the Spanish centres, to 25 -33% in the Italian centres of Ragusa, Turin and Naples. A high contribution was also found in Greece, particularly among men (29%). 'Cream desserts and milkbased puddings' contributed between 2-5% of daily dairy consumption in most centres, but with a higher contribution in the French (except in the South), British and Dutch centres (5 -12%). The highest contribution from 'ice cream' was reported in the Italian centres, where it contributed 3-6% of the daily dairy intake. With the exception of the Italian centres, there was some tendency for 'ice cream' to contribute more to the daily dairy consumption in the centres of northern Europe than for the centres in the south. The contribution from 'butter' was highest in the German centres (5 -9%), followed by the French (2 -4%) and British centres (1 -3%). There was some tendency for 'butter' to constitute a higher proportion of the dairy intake among men than among women. As for the two last sub-groups, 'dairy creams' and 'creamers and milk used for coffee', the contribution was low in all centres. The contribution from 'dairy creams' was highest in the Nordic centres (2 -3%), whereas the contribution from 'creamers and milk used for coffee' was highest in the Dutch centres and in the German centre of Potsdam (3 -5%). Tables 3a and 3b present the mean daily reported consumption of the main dairy sub-groups. The lowest consumption of 'milk' was reported in the Sicilian centre of Ragusa, the German centre of Potsdam, the centres Northeast and North-west France and in the Greek centre. In these centres the reported consumption of 'milk' was below or just above 100 g day 21 . It should be noted that the reported energy intake in the Greek cohort was rather low and that adjustment for energy therefore increased the Greek figures to some extent (from 110 and 94 g day 21 to
127 and 110 g day 21 for women and men, respectively).
The highest 'milk' consumption was reported in the Spanish centres, particularly among women ($ 275 g day 21 in all centres); the highest consumption was found among women in Asturias, who on average reported consuming 370 g of 'milk' per day. A high consumption of 'milk' was also reported among the Swedish men of the Umeå centre (300 g day
21
). Participants from the Swedish centre of Umeå, both men and women, reported a considerably higher intake of 'yoghurt and other fermented milk products' (115 g day 21 ) than participants from the other EPIC centres. The consumption of 'yoghurt and other fermented milk products' was also significant among the females in the Dutch and French centres (70 -90 g day 21 ) . A low consumption of 'yoghurt and other fermented milk products' was reported in the Italian centres, while for the Spanish centres there was a wide diversity. Overall, women tended to report a higher consumption of 'yoghurt and other fermented milk products' than men.
Owing to the low consumption of 'fromage blanc and petits suisses' in most centres, the consumption of food items from this sub-group was, for all further analyses, combined with the consumption registered in the original sub-group 'cheeses' making a new sub-group, hereafter referred to as 'cheese'. The lowest consumption of 'cheese' was reported in the British cohort of so-called 'healthconscious' subjects (12-13 g day 21 ), but even in the British cohort sampled from the general population, a low consumption was found (16-19 g day 21 ) . Also in the Spanish centres, the reported 'cheese' consumption was low, especially among women. For women, the highest consumption of 'cheese' was reported in the French centres (roughly 70 g day 21 ) , followed by the Italian centre of Naples (51 g ). For men, the highest consumption was reported in Greece (58 g day 21 ) , followed by the Italian centre of Ragusa (53 g day 21 ) and the two German centres (48 and 51 g day 21 ).
Comparing men and women from the same centre, men tended to have a slightly higher consumption of 'cream desserts and milk-based puddings' than did women. Comparisons between centres showed that the consumption of 'cream desserts and milk-based puddings' in some centres was more than 10 times higher than in other centres, the extremes being the consumption of 2 g day Generally, men reported a higher consumption of 'butter' than did women. For some of the centres, such as the Greek and Spanish ones, the consumption of 'butter' was about nil, while for most centres the consumption was between 2 and 5 g day 21 . A higher consumption was reported in the British, French and German centres. The highest consumption was found among German men, who reported eating more than 20 g of 'butter' per day.
Discussion
The present results show that the pattern of dairy consumption varies between the EPIC centres, both with respect to the total amount consumed as well as the relative importance of the different dairy sub-groups. Overall, the consumption pattern seems to vary more between countries than between centres within the same country, although there are exceptions. Also, there seem to be some parallels between the consumption patterns of men and women of the same centres. The Spanish and Nordic countries generally report a high consumption of 'milk', the Swedish (particularly Umeå) and Dutch centres report a high consumption of 'yoghurt and other fermented milk products', whereas the highest consumption of 'cheese' is reported in the French centres. 'Cream desserts and milk-based puddings' are consumed primarily in the UK general population group and in the Dutch centres, while the highest consumption of 'ice cream' is reported in the Italian and Nordic centres. As for 'butter', the highest consumption is reported in the German, UK and French centres. Interestingly, the data suggest that countries consuming lower quantities of milk (e.g. Greece and Germany) tend to consume higher quantities of cheese.
Even though the within-country variation may not be large, one should be very careful not to extrapolate data to the entire country, as in most cases it is not intended that the subjects make up a country-representative sample. Along with population-based samples in several centres and countries, there are centres with participants sampled from special groups such as blood donors, attendees at breast cancer screening (females) and subjects with an interest in vegetarian eating habits 28 . A major strength of this study is the highly standardised method of collecting the dietary information. As the 24-hour dietary recall method collects data in an open-ended way inconsistency between interviews may create bias, although this should not be a problem in the EPIC study. The interviewers were carefully trained, and while interviewing they were led step-by-step through the computer program. Probing questions were used comprehensively and amounts consumed -a critical component when performing 24-hour recalls -were quantified by means of photos and household measures. Also, as dietary intake may change during the week and with season and there was some imbalance in the sampling of the 24-hour recalls, day of the week and season were adjusted for in the analyses.
Twenty-four hour dietary recalls are prone to underestimation of total energy intake 26 . The subject may consciously or unconsciously leave out food items or report erroneously small portion sizes. In our analyses, adjusting for total energy intake barely influenced the calculated intake of dairy products. An exception to this finding was the Greek data, which increased by about 10-15% after energy adjustment. A more thorough examination of underestimation in the 24-hour dietary recalls is presented elsewhere in this supplement 45 . In situations where an expected association between a disease and dietary exposure does not appear, it is sometimes argued that this could be partly due to a too narrow range of exposure. The EPIC study, by including both northern and southern European countries and populations with different cultural dietary habits, enhances the chance of a wider range of exposure and thereby also the chance of revealing important associations. In the present material, the ratio between the highest and the lowest consumers of dairy products is about 3. The highest consumption is reported from the centres in Spain, Sweden and The Netherlands and the lowest from the centres in Italy and Greece. Overall, there might be a tendency towards a higher consumption in the northern Europe centres, but no clear north -south gradient appears. Still, one has to bear in mind that the aggregate variable 'dairy product' includes dairy products that differ tremendously with regard to energy, water and nutrient content. Thus, centres with a high total intake of dairy products due to a high intake of liquid milk, but with little cheese, may have the same or even lower intakes of nutrients (e.g. fat, calcium) than centres with a high intake of cheese, but with a lower total intake of dairy products due to a low consumption of liquid milk. Total consumption of dairy products may therefore not be appropriate when the primary interest is nutrient intake.
Use of the results of the EPIC calibration study to run international comparisons of dairy product consumption has the strong advantage of the administration of a standardised 24-hour dietary recall in all centres and the disadvantage of referring to population samples that were not intended to be, nor are, country-representative. Another source of comparable data on dairy product availability in 14 European countries is the DAFNE (DAta Food NEtworking) databank, which comprises food availability data collected with a similar methodology through national household budget surveys conducted with country-representative population samples 46, 47 . The DAFNE data, referring to foods entering the household, are readily available on the Internet (DafneSoft program, http://www.nut.uoa.gr).
Direct comparisons of data on dairy products provided in the DAFNE and EPIC databases cannot be undertaken, because of the different nature of the two datasets. When ranking countries, however, both DAFNE and EPIC data indicate Greeks and Germans as consuming lower quantities of dairy products. In contrast to the EPIC data, in DAFNE the highest consumption of dairy products is recorded in Norway and not in Spain. Both DAFNE and EPIC data identify milk as the main constituent of the dairy product group. Based on this information, it is evident that DAFNE as well as EPIC data firmly document both qualitative and quantitative disparities in dairy product availability/consumption among European countries.
From a global perspective, food supply data derived from the Food and Agriculture Organization (FAO) 48 indicate that Europe has the highest consumption of dairy products, with an annual per capita supply of 210 kg (butter excluded 48 . However, in some of the countries participating in the EPIC study, there has been a decrease in the consumption of dairy products over the last 10 years (e.g. Sweden, Denmark), whereas for most of the countries total dairy consumption has shown stable figures. Still, within the total dairy group, the consumption of some products (e.g. milk) may have decreased, while the consumption of other products (e.g. cheese) may have increased. Figures on total dairy consumption may, therefore, as mentioned before, be too rough an estimate for evaluating trends in nutrient intake and also for evaluating trends in consumption of different dairy subgroup products.
The large variation in dairy product consumption around the world may be partly explained by different populations' ability to digest lactose into its sugar components, galactose and glucose 49 . The highest prevalence of hypolactasia is found in the Far East (90%) and the lowest in north-western Europe (5 -10%) 50, 51 . In the Mediterranean countries the prevalence varies, but is typically about 60-70% 50, 51 . Current knowledge concerning consumption of dairy products and risk of cancer is limited, and also quite diverse, regarding both different kinds of cancer and different components of dairy products. For instance, consumption of dairy products has been positively related to prostate cancer 11, 12 but negatively related to breast cancer 52, 53 ; calcium intake has been negatively related to colorectal cancer 21, 54 , but positively related to prostate cancer 11 ; and saturated fat and calcium have been linked to colorectal cancer positively and negatively, respectively 11, 55, 56 . In contrast to the rather low interest that has been shown in dairy products, a large number of studies have focused on the relationship between meat consumption and chronic diseases, such as cancer 57 . Generally, meat consumption has been linked to an increased risk of cancers, in particular to increased risk of colorectal cancer 58, 59 . An interesting question is whether consumption of dairy products correlates with consumption of meat and its products. A corresponding paper on consumption of meat in the EPIC study reports a high consumption in most of the Spanish centres and a low consumption in the 'health-conscious' group in the UK and the Greek centre 39 . This is in concordance with our findings on dairy product consumption. However, a high consumption of meat was also reported in the French centres, which had a relatively low consumption of dairy products, whereas the centres in Denmark ranked low on meat consumption and somewhat in the middle on dairy product consumption. An interesting sub-group in our dataset is the British 'healthconscious' group. With a reported consumption of dairy products of about 200 g day 21 , these subjects are in the lower range of consumption, although not at all in a unique position. Their consumption of meat and meat products is overall, however, far lower than that reported from all other centres and the cohort includes a large number of vegetarians (who eat no meat or fish) and vegans (who eat no animal products at all). Thus, the EPIC data suggest that an effect of dairy products on a given outcome can be examined independently of the effect of meat. In summary, the present study reveals a wide range in the total consumption of dairy products and in the kinds of dairy products consumed within the EPIC centres. Also, the data suggest that dairy consumption may not necessarily correlate with the consumption of meat. Together with all the comprehensive information collected in the EPIC study, this provides an excellent basis for more thorough examinations of associations between dairy product intake and diseases and for gaining more knowledge of the various features of dairy products.
